Abstract-Building integrated photovoltaics is an advanced and newly emerged technology in the photovoltaic industry focusing on the application of power generation as well as the building infrastructure. In recent years PV systems have seen huge market potentials, and these are depended on various factors. Like PV systems, the market growth for BIPV is also influenced by various factors. In this paper, an analysis is carried out on such factors that leads to the BIPV market expansions. Primarily, SWOT (Strength, Weakness, Opportunity, and Threat) analysis of BIPV is analyzed in general way. Secondly, all the favorable factors were grouped and classified under six categories. These factors include the Energy, Sustainable Built Environment, Architecture & Design, Material & Civil Structure, Economic Gains, and Safety & Security. Finally, these factors were clearly discussed, and conclusions were made which would help in the BIPV growth.
I. INTRODUCTION
Fossil fuels were used by most of the nation's either in the direct or indirect form for their energy requirements. This constant usage of fossil fuel resulted in the release of greenhouse gas emissions [1] . Currently the greenhouse gas emission levels were increased to higher levels causing the various problems in all aspects of natural calamities [2] . In action towards the reduction of greenhouse gas emission, many environmentally friendly frameworks have been adopted. Among them Kyoto Protocol was the most important one and gained wide acceptance across the globe [3] . Use of energy efficiency measures and alternative sources are found to be best solutions to offset the climate change [4] . However, among these alternative source of energy, solar energy has gained wider audience and implementation [5] . In recent years, a breakthrough advancement has taken place in the solar energy markets i.e. the development of building integrated photovoltaic (BIPV) module which replace the building construction materials [6] [7] [8] . However, the BIPV systems were not much popular in most of the countries due to lack of technology transfer. Mainly stakeholders play a key role in the market potentials and they can be categorized into two: primary stakeholders (PS) include component manufacturer, investors, designers, architects, owners, contractors, policy makers. The secondary stakeholders (SS) include installers, electric grid operators and maintainers, and occupants [9] . The main objective of this paper is to understand on what factors the BIPV market growth depends and frame a SWOT analysis. A general approach is adopted, and the factors were classified and grouped into six categories.
The structure of the paper is defined in four sections: Section-I deals with the brief introduction about the solar energy and the need for BIPV evolution and market. Section-II deals with brief description of BIPV systems along with the comparison of on-grid and off-grid BIPV. In section-III, SWOT analysis of BIPV is performed, and Section-IV, discussions are made on the favorable factors that helps in the expansion of BIPV markets. The paper is concluded with Section-V, highlighting the scope for BIPV markets.
II. BUILDING INTEGRATED PHOTOVOLTAIC SYSTEM (BIPV)
Integration of the photovoltaic systems in to the building envelope either in the form of roof, façade, and window can be referred as the building integrated photovoltaics (BIPV) [10] . In this case, the BIPV modules becomes the integral part of the building replacing the traditional fabric of the building [11] . Like the conventional PV systems, the BIPV systems can also be classified or installed in both the ways: off-grid BIPV, and on-grid BIPV [12] . In both the installed ways, the BIPV performs with energy efficiency as well as environmental efficiency. In the off-grid BIPV, the losses in transmission of electrical energy will be almost reduced, this is due to the energy consumption at the generation place itself. Where as in the case of on-grid BIPV, little transmission loss is experienced, and this system will be connected to the nearest utility [13] . BIPV system is shown in Fig. 1 . 
III. SWOT ANALYSIS OF BIPV
SWOT (strength, weakness, opportunity, and threat) analysis of the BIPV system is carried out considering the general aspects is shown in Fig. 2 .
A. Strenghts
BIPV has very good scope and it shown a great potential to present itself as one of the promising application towards the modern infrastructure. BIPV first and foremost strength would be easy ness in the functioning process of converting light into electricity. Another major one is the visual comfort with a pleasing look. It has scope to accommodate itself in any sought of building. This is due to development of flexible and transparent BIPV modules. Another strength is the cost saving potentials when compared to the traditional ones in terms of building materials and labour cost [14] .
B. Weaknessess
Like any other system, BIPV has also having few weaknesses, this include the lack of skilled work force starting from academia to industry. This results in the complexity of the building designs as well as the overall system design. Another important one is the framework, standards, and policies for the better improvements in the BIPV product materials etc. [14] .
C. Opportunities
The increased cost of the electrical utility price (cost/kWh) is one of the reason that gave an opportunity for PV as well as BIPV. Another one is the measures related to emission reductions from the building sector either by proceeding to completely green building measures or applying energy efficiency practices. Wide acceptance of the solar energy utilization and its diversified application were also helped in looking for better opportunities in developed as well developing countries [14] .
D. Threats
There exist few threats with the BIPV systems, these includes how a technology supposes to be used. Possibility of conflicts between the construction filed and energy field professional while framing standards, policies etc. Establishing the common standards on global level might be difficult and this may lead to technology threat. Down fall of the market might be possible with respect to feed-in tariff reductions [14] . 
IV. FAVORABLE FACTORS FOR BIPV MARKET GROWTH
As shown in Fig. 3 , this section deals with the favorable factors that led to BIPV market expansions. All the factors discussed here are grouped under six categories and presented conceptually below.
A. Energy
Energy is the most vital part of the present-day life, aspects of energy include the wider perspective from generation to utility concerning about the environment and economics. Hence, the energy which is available for lesser cost and friendlier towards environment will gain an importance. Scope for such energy sources or the technologies are vast. The BIPV is one of such categories that generate electricity without harming the environment and with considerably lesser price than the traditional photovoltaic systems. The following are the factors responsible under energy category that lead to BIPV market expansions.
1) Free Energy Source:
One major favorable factor is the free availability of energy source. Solar energy freely available and abundant in nature, hence there is no need for fuel cost. This inderectly reduces the running cost, having an overall effect on the economics of the BIPV system.
2) On-site Energy Consumptions: With the help of BIPV systems, energy can be generated at the on-sites it self. BIPV systems are integrated onto the building walls, roof, and windows. Hence with the help of BIPV, energy generation and consumptions are possible at the on-site itself [12, 15] .
3) Limited Transimission Losses: BIPV system experience a limited transmission losses when energy is consumed at the on-site itself. However, a minor amount of transmission losses are possible with utility integrated BIPV [12, 15] .
B. Sustainable Built Environment
BIPV technology helps in developing the sustainable built environments. Few responsible factors of it were discussed below:
1) Conserving the Land Area:
Land area is conserved with the use of BIPV technology for power generation. The conventional solar power plant installed on the ground level requires huge acres of land and which can not disturbed or reused for any other purpose for 25 years. Where as in BIPV case land area is not required, it only uses the building roof, window, façade areas. Hence land area is conserved in BIPV.
2) Daylight Usage: BIPV technologies are available in semi-transparent and fully transparent means. This allows the daylight usage for the indoor lighting there by reducing the energy consumption of lighting loads during day time.
3) Ecological and Sustanble Look of the Buildings: Buildings are efficient in ecological and sustainable view achieving the energy and environmental efficiencies with better green look [15] .
C. Architecture & Design
Another important factor, that led to the expansion of BIPV market growth is the architectural and design elements of the buildings. With the use of BIPV, the building architecture will be aesthetic and in pleasing look. Various designs are possible with the advancement in the flexible BIPV technology.
D. Material & Civil Structure
BIPV market expansion is also seen to be influenced by the material (building) and the civil structures used during the installation.
1) Building Material Reduction:
In general the building requires huge construction materials. These materials will influence the cost of the building. But in the case of BIPV, these materials can be reduced, this is bacause of the special feature of BIPV that would replace the building material where ever it is possible. Here BIPVs will become the fabric of the building skin. Hence with the adoption of BIPV in modern infrastructure, materials can be reduced there by reducing the cost with add on electicity generation facility [15] .
2) No Extra Mounting Structures Required:
In conventional solar PV plants, or in the case of building applied photovoltaics, one needs extra moutning and railing structures for fitting the PV modules. But in the case of the BIPV, these extra fittings were not required [15] .
E. Economic Gains
Economics is one among the other factors to be considered for the favorable growth of BIPV markets. The power generating system, during the on-grid or off-grid mode can generate incomes to the owners either by reducing the utility bills or by the excess supply of energy to utility [12] .
1) Income Generation:
Income is generated in two possible ways. One is by limiting the usage of the grid power supply and increase the self generated energy at the load point itslef. In this case, it is not mandatory for the owner to pay utility bills. Another way, by establishing the commercial level BIPV systems and integrating it with the utility by having a power purchase agreement with the utility.
2) Cost Reductions in Building Materials: Cost of the total BIPV system is considerably lesser than the tradational PV plant. This is due to the reducions in the building materials. Hence the cost of constructing the building is reduced.
F. Safety & Security
BIPV's are the add-on advantages when it comes to safety and security matters. With the BIPV materials no add-on fence is required. They are protective in all aspects of heating, cooling and lighting.
1) Secure and Reliable Power Supply:
BIPV systems operates easily and in secure manner for delevering the reliable power supply during the day time. Reliablity is possible with the adoption of best design approach and practices during the installation or throughout manufacturing stage of system and its components. With storage facilities like battery, super capacitors etc., uninterupted power supplies during the night time are also possible.
2) BIPV Material itself act as Protection: BIPV material act as protective element during the heating, cooling, and lighting. These materials does not allow the direct light to fall on to the indoors protecting people from harmful radiations. It also safeguards the indoors during rainy conditions.
V. CONCLUSION
This section summarizes and concludes the study conducted on factors responsible for BIPV market growth. These factors were classified into six categories and carefully discussed. Additionally, the SWOT analysis of BIPV is also presented in the study. The general approach adopted in this study on the factors that contributes to the analysis on the BIPV market expansions. Hence once should concentrate on these factors while considering BIPV studies.
